Introduction
Pyrrolo [1,2-a] indoles are important class of compounds featured with structural motifs that are widely found in a large number of natural products and biologically active molecules ( Figure 1 ) [1] [2] [3] [4] [5] . For example, isatisine A (I) is one of the major components of the traditional Chinese medicine plant Isatis indigotica Fort.
(Cruciferae) and its acetonide derivative showed cytotoxicity against C8166 Cells (CC50 = 302 µM) and anti-HIV-1IIIB activity (EC50 = 37.8 µM) [1] [2] . Compound (II) is a protein kinase C (PKC) inhibitor and showed the selective inhibition for isozyme β [3] . Mitomycin A (III) and B (IV) are representative pyrrolo[1,2-a]indoles of mitomycin alkaloids family [4] . The alkaloid yuremamine (V) is isolated from the stem bark of Mimosa tenuiflora and has potential inhibitory effects on monoamine oxidase (MAO) [5] . Due to the importance of their structure and biological activity, the scaffold of pyrrolo[1,2-a]indoles attracted much attention of synthetic and medicinal chemists. In the last few decades, a number of elegant synthetic methods (such as pallidiumcatalyzed intramolecular alkyne insertion protocol [6] , chiral phosphoric acids catalyzed intramolecular conjugated addition of C2-substituted indoles [7] , virous radical cascade cyclization [8] [9] [10] [11] [12] [13] , gold-catalyzed reaction between 2-alkynyl arylazides and alkynols [15] , and so on) have been developed for the pyrrolo [1,2- a]indole scaffolds [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Despite these significant advances have been made, most of these established methods are need ligands, stoichiometric oxidant and harsh reaction conditions. Therefore, the development of efficient and easy approaches for the construction of pyrrolo[1,2-a]indole scaffolds is highly desired. Over the past decade, much efforts was focused on the nucleophilic indole-3-ones for the construction of C2-quaternary indolin-3-one and indole-polycyclic-skeletons (such as indole-fused cyclic at the N1 and C2 positions, 2,2'-spirocyclic indoles and indole-fused cyclic at the C2 and C3 positions) [16] [17] [18] [19] [20] . Unlike the significant progress of 2-oxindole chemistry in the synthesis of indole-polycyclic-skeletons, indolin-3-ones have received very little attention [16] [17] 21] . In 2014, we have developed a bifunctional thiourea-catalyzed asymmetric Michael-Micheal cascade reaction for the construction of highly functionalized N-fused piperidinoindoline derivatives via employing less explored indolin-3-ones 1 (Scheme 1a) [20] . With our ongoing interest in the design and development of indolin-3-one chemistry [20, [22] [23] , we describe herein a palladium-catalyzed Conia-ene reaction of 1-alkynylindolin- 
Results and Discussion
On the basis of the synthesis of indolin-3-ones 1 in our previous works [20] , we synthesized 1-alkynylindolin-3-ones 4 by three-step reactions as shown in the Scheme 2. Firstly, compounds 7 were prepared through a substitution reaction of 6 with methyl or ethyl bromoacetate in 50-70% yields (Scheme 2, reaction a). Then, key intermediates 9 were synthesized in 36-70% yields via the substitution reaction of compounds 7 with 3-bromoprop-1-yne 8a or 1-bromobut-2-yne 8b under the could be readily converted into the target 1-alkynylindolin-3-ones 4 (50-75% yields) via a intramolecular cyclization reaction promoted by t-BuOK (Scheme 2, reaction c). Table 2 : Optimization of reaction conditions. a a Unless otherwise specified, all reactions were carried out with 4a (0.10 mmol), catalyst (10 mol %) and base (2.0 equiv.) in the indicated solvent (1.0 ml) at room temperature. b As judged by TLC analysis. c All yields are isolated yields after flash chromatography. d n.r. = no reaction. e n.d. = not determined.
With the indolin-3-one substrates for reactions research in hand, the palladiumcatalyzed Conia-ene reaction of 1-alkynylindolin-3-ones 4a was chosen as the model reaction (Table1). To our delight, the target product 5a was obtained albeit with 26% yield under the conditions of K2CO3, THF and PdCl2 (10 mol %) as the catalyst at room temperature ( further improve the yield of this conia-ene reaction of 1-alkynylindolin-3-ones 4a (Table 1 , Entries 8, 15-18). The resullts showed that using K2CO3 as a base was the best choice, however, complex reaction systems or products 4a with low yields could be obtained under other bases conditions. In addition, in the absence of any bases, the intramolecular cyclization process did not proceed even in the optimal reaction conditions ( Table 1 , entry 18).
With the established optimal reaction conditions (10 mol % of PdCl2 as the metal catalyst and 2.0 equivalent of K2CO3 as the base in 1.0 ml acetone at room temperature), we then investigated the substrate scope of this palladium-catalyzed
Conia-ene reaction of 1-alkynylindolin-3-ones 4. In general, all the synthesized 1-alkynylindolin-3-ones 4a-c could offer the desired cyclic products 5a-c with 32-82% yields (Scheme 3). Pherhaps owing to the steric effect of terminal alkynes and substituents at C2 positions of indolin-ones 4, compared with indolin-3-ones 4a, the intramolecular cyclization of 4b-c gave 5b-c with lower yield and the stability of substrates 4b-c was also reduced in reaction conditions.
Scheme 4:
The large-scale synthesis of the product 5a.
Under the optimized conditions, the large-scale synthesis of 5a was also performed and the corresponding cyclic product 5a was obtained albeit with the actual yield decreased to 61% (Scheme 4). The structures of product 5 was confirmed by NMR spectra with the reported known compounds 5c [13] . Based on the previous reported works [24] [25] [26] , a possible mechanism involving nucleophilic addition of an enol to a
Pd(II) alkyne complex 6 and generate the key carbocyclic intermediate 7 for this
Conia-ene reaction of 1-alkynylindolin-3-ones 4 was also depicted in Scheme 5. were prepared by following the publish procedures.
Synthetic procedures
General procedure for the synthesis of compounds 7a-b:
Under nitrogen atmosphere, methyl bromoacetate or ethyl bromoacetate (1.2 equiv) was added to a stirred solution of compounds 6 (3.00 g, 19.87 mmol) in dry DMF (20 mL) at room temperature for 5 min. The resulting solution was stirred for 6 h at 80 o C (as judged by TLC analysis). Then the reaction mixture was allowed to rt and poured into ice water. The resulting solution was extracted with EtOAc. The combined organic phases were washed with saturated aqueous NaHCO3 (2×100 mL), H2O (3 ×100 mL) followed by brine (100 mL), dried over anhydrous Na2SO4, filtered and concentrated in vacuo. The purification of the crude product by flash column chromatography on silica gel (200-300 mesh) using (PE:EA/15:1) to afford the pure product 7a-b as a white solid with 50% -70% yields.
General procedure for the synthesis of compounds 9a-c:
To 
